Objectives: Dysphagia occurs in approximately 51%Y78% of patients with acute stroke. The incidence of pneumonia caused by aspiration in dysphagic patients increases both mortality and the need for hospitalization. The aim of this study was to investigate whether the incidence of aspiration pneumonia could be reduced in such patients by an early screening for dysphagia and intensified oral hygiene. Material and Methods: In this controlled trial, 146 hospitalized acute stroke patients with moderate or severe dysphagia were included in three groups: an intervention group (n = 58), one internal control group (n = 58, retrospectively selected from same clinic), and one external control group (n = 30) from a comparable stroke unit in a neighboring hospital. The intervention consisted of early screening with a clinical method of dysphagia screening, the Gugging Swallowing Screen, and intensified oral hygiene. Results: The incidence of x-ray verified pneumonia was 4 of 58 (7%) in the intervention group compared with 16 of 58 (28%) in the internal control group (p G .01) and with 8 of 30 (27%) in the external control group (p G .05). Conclusions: Early and systematic dysphagia screening by the Gugging Swallowing Screen method and intensified oral hygiene reduced the incidence of x-ray verified pneumonia.
I
n acute stroke, dysphagia with an incidence rate of 51%Y78% (Martino et al., 2005 ) is a serious consequence associated with prolonged hospitalization (Hinchey et al., 2005; Odderson, Keaton, & McKenna, 1995) , poor prognosis (Falsetti et al., 2009) , and increased mortality (Hinchey et al., 2005; Paciaroni et al., 2004; Smithard, Smeeton, & Wolfe, 2007) . Patients with acute stroke and dysphagia have an increased risk of developing aspiration pneumonia with incidences of 13%Y33 % (Falsetti et al., 2009; Langdon, Lee, & Binns, 2007; Mann, Hankey, & Cameron, 1999; Martino et al., 2005; Smithard et al., 2007) , and pneumonia increases the 30-day mortality by threefold and the risk of poor outcome at 1 year (Katzan, Cebul, Husak, Dawson, & Baker, 2003; Vermeij et al., 2009 ). In patients with acute stroke, early detection of dysphagia reduced the risk of aspiration pneumonia (Doggett et al., 2001; Hinchey et al., 2005; Lakshminarayan et al., 2010; Martino et al., 2005) , and several clinical screening methods for detecting dysphagia and aspiration risk have been developed (Courtney & Flier, 2009; Odderson et al., 1995; Perry, 2001) . The Gugging Swallowing Screen (GUSS; Trapl et al., 2007 ) is a reliable clinical method for detection of dysphagia and aspiration risk in patients with acute stroke. It is a simple and easy-to-use bedside instrument and is based on the ability to swallow liquids of different texture and solid food. It has been validated against fiber-optic endoscopy, showing sensitivity for GUSS of 100% and a specificity of 50% and 69%, when screening was performed respectively by therapists and nurses (Trapl et al., 2007) .
A significant correlation exists between the presence of pathogenic bacteria in the oral cavity and the occurrence of pneumonia (Abe, Ishihara, Adachi, & Okuda, 2009; Sellars et al., 2007) . Patients with stroke and dysphagia have an increased risk of aspiration of bacteriaYsaliva and, thus, for development of pneumonia, and previous studies among other populations have shown a significantly reduced incidence of pneumonia by intensified oral hygiene (Adachi, Ishihara, Abe, & Okuda, 2007; Mori et al., 2006; Sarin, Balasubramaniam, Corcoran, Laudenbach, & Stoopler, 2008; Scannapieco, 2006; SjPgren, Nilsson, Forsell, Johansson, & Hoogstraate, 2008; Sona et al., 2009; Yoneyama et al., 2002) . By performing an early and systematic screening with the GUSS method and intensified oral hygiene, the primary end point of this study was to investigate if the incidence of x-ray verified aspiration pneumonia could be reduced in hospitalized dysphagic stroke patients.
Material and Methods
A randomized prospective trial would be preferable but was not possible because of practical and ethical considerations. Primarily, it was impossible to blind the intervention, because patients in the control and interventional groups would be hospitalized in the same department. Furthermore, it was considered likely that new knowledge and procedures acquired by the staff in relation to the intervention would affect the care and treatment of the control patients and thereby constitute a major bias. Secondarily, past practices of dysphagia screening and oral hygiene were unsystematic and arbitrary, and a continuation of such treatment standards in the control group was considered to be unethical.
The study was approved by the Danish Data Protection Agency and the Ethical Committee. One hundred forty-six consecutive hospitalized acute stroke patients with moderate or severe dysphagia were included in three groups: an intervention group (n = 58) of prospectively patients from a stroke unit hospitalized between March 2009 and January 2010, an internal historic control group (n = 58) retrospectively selected from the same unit and hospitalized between March 2008 and January 2009, and an external control group (n = 30) from a neighboring stroke unit hospitalized between March 2009 and January 2010. Although the external control group had fewer patients than the other groups, this group was included to investigate if results and tendencies from the internal control group corresponded to results from a neighboring hospital. Furthermore, results from the external control group and the intervention groups were obtained during the same time.
Eligible patients had an acute stroke and were admitted into the stroke unit no later than 3 days after hospitalization and were diagnosed with moderate or severe dysphagia. Before the intervention, patients were not systematically screened for dysphagia immediately after admission. To avoid sample selections bias, subjects from both the intervention and control groups were included based upon the screening done by the occupational therapists and not the initial screening done by the nursing staff. The severity of dysphagia was determined by the clinical screening and the prescribed type of diet. In moderate dysphagia, a soft diet and thickened fluid were prescribed, and in severe dysphagia, tube feeding and nil per os (NPO) was prescribed.
In the data analysis, only patients diagnosed with ischemic stroke or intracerebral or subarachnoidal hemorrhages at discharge were included. Exclusion criteria were active metastatic cancer, severe liver or kidney failure, and terminal illness including cancellation of active treatment within 3 days after admission at the stroke unit. The follow-up period was from hospitalization after stroke onset to discharge and maximum of 30 days. In the external control group, data were recorded concerning the end points of pneumonia and mortality, and because of practical issues, data were limited to characteristics such as age, gender, stroke type, Scandinavian Stroke Scale (SSS) score, and the occurrence of tube feeding. Data were obtained from medical records and entered into an electronic database. Before the intervention, dysphagia screening and oral hygiene was learned and practiced by the nursing staff, and throughout the 10-month intervention phase, ongoing education was provided, combining theoretical teaching in groups and individual bedside training.
Dysphagia Treatment in the Intervention Group
The GUSS method for dysphagia screening was implemented, and all intervention patients were screened by the nursing staff immediately after admission and before oral administration of nutrition or fluids. An occupational therapist performed further investigations By implementing early, systematic swallowing screening at the bedside and intensified oral hygiene initiatives, nurses in this study were able to reduce the risk of pneumonia in stroke patients with moderate or severe dysphagia.
Journal of Neuroscience Nursing if there were any signs of dysphagia. If there was doubt about the outcome after GUSS screening, the patient was investigated using video fluoroscopy or fiber-optic endoscopic evaluation of swallowing.
The GUSS is designed as a scoring system from 0 to 20 points that classifies degrees of dysphagia and aspiration risk into four categories, severe, moderate, mild, and no dysphagia, where a score of less than 10 indicates severely reduced swallowing capabilities. Cutoff points for reliability were 19 (dysphagia vs. no dysphagia), 14 (risk of aspiration vs. no risk of aspiration), and 9 (severe dysphagia vs. all others) (Trapl et al., 2007) . Depending on the score, GUSS indicated recommendations for diet administrated orally or by tube. In the acute phase where fluctuating levels of consciousness were common, patients with moderate dysphagia were rescreened before each meal using the initial test in GUSS to assess alertness and ability to control and swallow saliva. Interrater reliabilities of GUSS dysphagia screenings were measured, and the time spans between the assessments extended from 1 to 3 hours.
The patients received oral hygiene following a standardized care plan with detailed procedures for mechanical cleaning (tooth brushing), protection and moistening of the oral cavity, and preventive antibacterial cleansing with chlorhexidine 0.12 % (nonalcoholic) mouth rinse. Chlorhexidine was used twice daily in all patients with severe dysphagia. Synthetic saliva was administered to patients who were not fed orally to prevent drying of the oral cavity mucous membrane and reduce the risk of infection.
Dysphagia Treatment in the Control Groups
The formal recommendation in the control groups was dysphagia screening by a clinical screening method (Odderson et al., 1995) within 24 hours and before oral administration of nutrition or fluids. Observations showed that former practice of dysphagia screening and oral hygiene was unsystematic and arbitrary in these groups. Tables 1 and 2 contain results for incidence of dysphagia screening within 24 hours and incidence of prepared care plans of oral hygiene.
Procedure
A physician specialized in infectious diseases and blinded for group affiliation identified patients by journal audit who acquired pneumonia during hospitalization. Pneumonia was categorized into two categories:
1. ''Possible pneumonia'' if C-reactive protein 9 50 mg/L and/or leukocyte count 9 10Â10 9 /L and accompanied by respiratory symptoms as coughing (with or without expectoration), dyspnea, tachypnea 9 20/minute, and/or O 2 saturation G 90%. All but one of the patients in the intervention and the internal control groups had chest x-ray performed to verify the pneumonia. 2. ''X-ray verified pneumonia'' if infiltrative changes was observed by chest x-ray, which could be explained by pneumonia, accompanied with C-reactive protein 9 50 mg/L and/or leukocyte count 9 10Â10 9 /L and/or respiratory symptoms.
The incidence of the clinical variables described above was recorded within T3 days of the qualifying pneumonia. Time of initiation of antibiotic treatments was recorded as the onset time of pneumonia, unless there was an x-ray report confirming an earlier onset. The SSS scoring was performed at admission.
Data Analysis
MannYWhitney test was used for comparing continuous variables of two individual groups (unpaired observations), and Spearman rankYorder correlation test was used for ranked pairs. The Wilcoxon signed-rank test was used for paired observations, and chi-square test or Fisher's exact probability test was performed for categorical variables. A p value of less than .05 was considered statistically significant. Median results are displayed as values followed by the associated 25th and 75th percentiles in brackets.
Power Analysis and Sample Size Calculations
To compare treatment outcomes, a change in the incidence of x-ray verified pneumonia from 28% to 10% would require 58 patients in both the intervention and the internal control group, if z 2 -alpha and z-beta (type 1 and type 2 errors) were 5 % and 20%, respectively. Thus, a total of 116 patients would need to be included.
Results
Baseline characteristics are described in Table 1 . The total incidence of x-ray verified pneumonia is shown in Figure 1 , and Table 2 contains main results, including mortality and outcome measurements. Adverse events related to the intervention were not observed.
Combining x-ray verified pneumonia and possible pneumonia, pneumonia was diagnosed in 34% of the 
Interrater Reliabilities
The SSS scores were not documented among 33 %, 19 %, and 17 % of the patients in the intervention, internal control, and external control groups, respectively (p 9 .05, ns). In these patients, the SSS scores were calculated retrospectively based on data from the medical records, and this method has provided reliable results in other investigations (Barber, Fail, Shields, Stott, & Langhorne, 2004) . Because of insufficient information in the medical records, the SSS score was not calculated in 9 %, 12 %, and 13 % in the intervention, internal control, and external control groups, respectively. Reliabilities of the retrospective SSS-score assessments were investigated by interrater reliability tests and showed a substantial agreement with kappa values of 0.66 and 1. The SSS scores of 29 points were used as cutoff scores between moderate and severe stroke in a range of 0Y54 points with no significant difference between the observations. We found a good agreement with kappa values between 0.48 and 1 regarding the four GUSS scoring categories. With 9 used as a cutoff point, the interrater reliability test yielded excellent agreement. In 22 observations, the occupational therapist classified 13 of 22 (59 %) to severe dysphagia versus 12 of 22 (55 %) rated by the project nurse (kappa = 0.91). In the other group, both the nursing staff and the project nurse classified 3 of 27 (11 %) to severe dysphagia (kappa = 1).
Clinical Observations and Correlations
More patients with pneumonia (combining ''possible'' and ''x-ray verified'') were fed by nasogastric tube (p G .01), achieved a lower Barthel Index score at 1 week and at discharge (p G .05), and had a history of chronic respiratory diseases (p G .05). Unintended oral feeding in cases with severe dysphagia, where the recommendation was NPO, was associated with an increased incidence of x-ray verified pneumonia (p G .05). No significant correlation was found in relation to baseline SSS scores and occurrences of pneumonia.
Discussion
The incidence of x-ray verified pneumonia was significantly reduced in the group of dysphagic patients treated with an early and systematic dysphagia screening together with intensified oral hygiene compared with control groups (Figure 1) . The control group contained patients who were not systematically screened for dysphagia within 24 hours and who received unsystematic and arbitrary oral hygiene without the use of antibacterial mouth rinse with chlorhexidine. These findings are also illustrated by the results from the internal control group in Tables 1 and 2 .
Incidence of Pneumonia
From hospital admission to discharge, a pneumonia rate of 13 % among 62 ischemic and hemorrhagic stroke patients who enrolled regardless of consciousness levels has been reported (Falsetti et al., 2009 ). Using a follow-up period of 6 months in an unselected group FIGURE 1 The Incidence of X-Ray Verified Pneumonia FIGURE 1
Note. The incidence of x-ray verified pneumonia in the intervention group was 7% (4 of 58 patients) and significantly lower than 28% (16 of 58 Patients) and 27% (8 of 30 Patients) in the internal and external control groups, respectively. *p G .05. **p G .01.
of conscious and stable stroke patients with dysphagia, a pneumonia rate of 29 % (n = 82) was observed (Mann et al., 1999) . In comparison, a follow-up period of 7 days among dysphagic stroke patients, including patients with decreased levels of consciousness, yielded a pneumonia rate of 33% (n = 60; Smithard et al., 2007) . Using a 30-day follow-up period similar to our study, the incidence of respiratory infection in acute ischemic stroke patients with dysphagia, also including patients with decreased consciousness levels, was 24% (n = 58; Langdon et al., 2007) . Thus, after acute stroke, incidences of pneumonia in dysphagic patients ranged from 13% to 33% and corresponded to the incidences of x-ray verified pneumonia among 27%Y28% of patients in our two control groups. Studies using a more conservative and specific definition of pneumonia have reported lower pneumonia rates (Martino et al., 2005) , and only one of the studies mentioned above used an operational definition of pneumonia requiring pulmonary infiltrates on the radiograph, resulting in a pneumonia rate of 13% (Falsetti et al., 2009) .
Respiratory infection has been defined as both x-ray verified pneumonia and chest infection determined by clinical findings (Langdon et al., 2007) . This is similar to combining the categories ''x-ray verified'' and ''possible pneumonia'' in our study. When including both categories in our study, the incidence was 34% and seemingly high compared with the findings reported by other investigators (Langdon et al., 2007) . However, our intervention group had approximately three times more patients with chronic respiratory diseases as the internal control group, which may explain the nonsignificant effect of the intervention when combining ''x-ray verified'' and ''possible pneumonia.'' Similar to other investigators, we did find a significant correlation between prevalence of chronic respiratory disease and increased incidence of pneumonia (Katzan et al., 2003; Langmore et al., 1998; Masiero, Pierobon, Previato, & Gomiero, 2008; Sellars et al., 2007) .
We measured intervention effects on pneumonia incidences in relation to two categories, namely incidences of ''x-ray verified pneumonia'' and ''possible pneumonia,'' and the intervention only reduced the incidence of ''x-ray verified pneumonia.'' Estimates of pneumonia rate vary between studies, which may be explained by differences in operational definitions of pneumonia, the time of follow-up, and selection bias. Risk of pneumonia is affected by factors such as levels of consciousness (Dziewas et al., 2004; Masiero et al., 2008) , history of chronic respiratory diseases (Katzan et al., 2003; Langmore et al., 1998; Masiero et al., 2008; Sellars et al., 2007) , severity of dysphagia, (Langdon et al., 2007) , nasogastric tube feeding (Langdon, Lee, & Binns, 2009; Langmore et al., 1998) , and age (Masiero et al., 2008; Sellars et al., 2007) . Therefore, such factors must be considered when comparing pneumonia rates between studies.
More patients with severe dysphagia in the internal control group had unintended oral feeding compared with the intervention group, and although this difference was not significant, it may have contributed to the higher rate of x-ray verified pneumonia in the internal control group. Only two patients (3%) in the intervention group had a history of dysphagia compared with six patients in the internal control group (10%). This difference was not significant and is not considered to have affected our results, especially because only one patient from the internal control group with a history of dysphagia developed x-ray verified pneumonia.
The use of a historical and an external control group had limitations. Although we observed no such changes, it is possible that subtle changes in care and treatments could have occurred between the pretest control and the intervention and may have affected the risk for development of pneumonia. However, because of the lack of systematic documentation in the medical records, it was impossible to perform elaborate control for such changes. Because patients in the intervention and the internal control groups were placed at the same stroke unit at two consecutive time points and in general exposed to the same personnel, treatment variations other than the GUSS method and intensified oral hygiene are considered to be minimal.
Consciousness Levels and Risk of Pneumonia
Our study only included patients with moderate or severe dysphagia, and we included both conscious patients and patients with reduced levels of consciousness. Investigators have found that a higher severity of dysphagia, or a decreased level of consciousness, was associated with an increased risk of pneumonia (Dziewas et al., 2004; Langdon et al., 2007; Masiero et al., 2008) . In the previously mentioned studies, the pneumonia rates referred to cohorts of stroke patients with varying severity of dysphagia, and one study excluded patients with decreased levels of consciousness (Mann et al., 1999) . Thus, the pneumonia rate in these investigations is expected to be lower compared with the population presented in our study. Because our patients were unselected acute stroke patients with moderate or severe degree of dysphagia and varying states of conscious levels, these patients might be at high risk for developing pneumonia. Furthermore, our sample contained older patients compared with the previously mentioned studies, and a significant association between age and pneumonia has been reported (Masiero et al., 2008) . Therefore, the frequency of pneumonia in our study may be overestimated compared with patients of younger age and with milder degrees of dysphagia.
Mortality
Mortality was reduced in the intervention group, although only significantly when compared with the external control group, supporting a previously reported correlation between pneumonia and increased mortality (Hinchey et al., 2005; Katzan et al., 2003) . The mortality rates in our intervention group resembled the 30-and 180-day mortality rates in other dysphagic stroke patients (Langdon et al., 2007; Smithard et al., 2007) . In the external control group, mortalities during hospitalization and after 180 days were significantly higher than in the intervention group. Although not significant, the SSS score was lower in the external group possibly reflecting a higher stroke severity in this group, which may be related to the increased mortality within this group.
Implications of Nasogastric Tube Feeding
In the intervention group, fewer patients had nasogastric tube compared with both control groups. In the pooled data from all groups, we found a significant correlation between nasogastric tube feeding and increased incidence of pneumonia. This finding was consistent with a previous investigation, where a high pneumonia rate of 44% was found in an unselected group of acute stroke patients fed by nasogastric tube because of dysphagia (Dziewas et al., 2004) . Thus, the lower numbers of patients with nasogastric tube may have contributed to the reduced incidence of pneumonia in the intervention group. Causes of aspiration pneumonia are multiple, and therefore, aspiration pneumonia appears frequently both in patients fed orally or fed by nasogastric tube and kept NPO (Langmore et al., 1998) . Feeding by nasogastric tube will often be the first choice in the care for patients with severe dysphagia, although tube feeding will not prevent gastroesophageal reflux or bacterial colonization of the oropharyngeal secretions. Further research is needed to determine the optimal time for insertion of nasogastric and gastrostomy tubes. Process of care, such as mobilization, administration of nutrition, and oral hygiene, contributes in many ways to prevent aspiration pneumonia, and future research on the effectiveness of clinical interventions within the above topics is also necessary.
Interrater Reliabilities
We found good agreements regarding interrater reliabilities of screening with GUSS within all categories of cutoff points, and our high interrater kappa values may be because of the robust criteria of GUSS providing a narrow field for interpretation. Furthermore, using a cutoff point at 9, the interrater reliability test yielded excellent agreement, and this is particularly important because assessing severe dysphagia is crucial to decision making related to oral or nonoral nutrition.
Conclusion
A systematic identification of dysphagia reduced the risk of developing pneumonia in stroke patients with moderate or severe dysphagia. Dysphagia identification was performed using the clinical screening tool GUSS and the associated nutrition recommendations together with intensified oral hygiene.
